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SEMICONDUCTOR DEVICE AND METHOD isolation structure is located in the second region of the 
OF FABRICATING THE SAME substrate , and at least a part of a bottom surface of the 

isolation structure and a top surface of the substrate are 
CROSS - REFERENCE TO RELATED substantially coplanar . The isolation structure continuously 

APPLICATION 5 extends from one end of the second region to another end of 
the second region . The gate structure covers a part of the 

This application claims the priority benefit of Taiwan substrate in the first region and a part of the isolation 
application serial no . 103117366 , filed on May 16 , 2014 . structure in the second region . A first doped region is of a 
The entirety of the above - mentioned patent application is first conductive type , located in the substrate in the first 
hereby incorporated by reference herein and made a part of 10 region , and adjacent to one side of the gate structure . A 
this specification . second doped region is of the first conductive type , located 

in the substrate in the third region , and adjacent to one side 
BACKGROUND OF THE INVENTION of the isolation structure . 

The embodiments of the invention provide a semiconduc 
1 . Field of the Invention 15 tor device , including a substrate , an isolation structure , a 
The embodiments of the invention relate to a semicon - gate structure , a first doped region , and a second doped 

ductor device and a fabricating method thereof , and particu region . The substrate includes the first region , the second 
larly relates to a laterally diffused metal oxide semiconduc region , and the third region . In addition , the second region 
tor ( LDMOS ) device and a fabricating method thereof . is located between the first region and the third region . The 

2 . Description of Related Art 20 isolation structure is located on the substrate in the second 
A laterally diffused metal oxide semiconductor ( LDMOS ) region , and at least a part of a bottom surface of the isolation 

device is a typical high voltage device and the process of structure and a top surface of the substrate are substantially 
fabricating the same may be integrated with the process of coplanar . The isolation structure continuously extends from 
fabricating a complementary metal oxide semiconductor one end of the second region to another end of the second 
( CMOS ) to fabricate control circuits , logic circuits and 25 region . A method of forming the isolation structure includes 
power switches on a single chip . When operating a LDMOS forming a field oxide layer by using local oxidation of 
device , a high breakdown voltage and a low on - state resis - silicon , and then removing a part of the field oxide layer by 
tance ( Ron ) must be provided . The LDMOS device having performing a patterning process . The gate structure covers a 
a high breakdown voltage and a low on - state resistance part of the substrate in the first region and a part of the 
( Ron ) has a lower power consumption when being operated 30 isolation structure in the second region . A first doped region 
under a high voltage condition . Furthermore , a lower on - is of a first conductive type , located in the substrate in the 
state resistance ( Ron ) allows the transistor have a higher first region , and adjacent to one side of the gate structure . A 
drain current in saturation state to improve the operating second doped region is of the first conductive type , located 
speed of the device . However , the on - state resistance of the in the substrate in the third region , and adjacent to one side 
conventional LDMOS transistors cannot be further reduced 35 of the isolation structure . 
to present a more preferable device characteristic . Therefore , In order to make the aforementioned features and advan 
it is necessary to develop a LDMOS transistor having a high tages of the invention more comprehensible , embodiments 
breakdown voltage and / or low on - state resistance , so as to accompanied with figures are described in detail below . 
improve the device characteristic of the LDMOS transistor . 

BRIEF DESCRIPTION OF THE DRAWINGS 
SUMMARY OF THE INVENTION 

The accompanying drawings are included to provide a 
The embodiments of the invention provide a semiconduc - further understanding of the invention , and are incorporated 

tor device having a high breakdown voltage and / or low in and constitute a part of this specification . The drawings 
on - state resistance and a method of fabricating the same . 45 illustrate embodiments of the invention and , together with 

The embodiments of the invention provide a method of the description , serve to explain the principles of the inven 
fabricating a semiconductor device . A substrate is provided . tion . 
The substrate includes a first region , a second region , and a FIGS . 1A to 1H are cross - sectional views illustrating a 
third region . In addition , the second region is located method of fabricating a semiconductor device according to 
between the first region and the third region . An isolation 50 an embodiment of the invention . 
structure is formed on the substrate in the first region and the FIGS . 2A to 2H are cross - sectional views illustrating a 
second region . The isolation structure in the first region is method of fabricating a semiconductor device according to 
removed by performing a removing process , so as to form a another embodiment of the invention . 
first opening exposing a top surface of the substrate . A gate FIGS . 3A to 3H are cross - sectional views illustrating a 
structure is formed on the substrate . The gate structure 55 method of fabricating a semiconductor device according to 
covers a part of the substrate in the first region and a part of still another embodiment of the invention . 
the isolation structure in the second region . A first doped FIG . 4A is a partial cross - sectional enlarged view of a 
region of a first conductive type is formed in the substrate in semiconductor device of a comparative example . 
the first region at one side of the gate structure , and a second FIG . 4B is a partial cross - sectional enlarged view of a 
doped region of the first conductive type is formed in the 60 semiconductor device of Example 1 of the invention . 
substrate in the third region . FIG . 4C is a partial cross - sectional enlarged view of a 

The embodiments of the invention provide a semiconduc - semiconductor device of Example 2 of the invention . 
tor device , including a substrate , an isolation structure , a FIG . 4D is a partial cross - sectional enlarged view of a 
gate structure , a first doped region , and a second doped semiconductor device of Example 3 of the invention . 
region . The substrate includes the first region , the second 65 FIG . 5 is a simulation diagram for on - state resistances 
region , and the third region . In addition , the second region Ron , on - state breakdown voltages ( on - BVD ) , and off - state 
is located between the first region and the third region . The breakdown voltages ( BVDSS ) of the semiconductor device 

40 
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along a cross - sectional line I - I shown in FIG . 4A , the least located on the first region 12 and the second region 14 . 
semiconductor device along a cross - sectional line II shown A material of the isolation structure 117 is silicon oxide , for 
in FIG . 4B , the semiconductor device along a cross - sectional example . A thickness of the isolation structure 117 is from 
line shown in FIG . 4C , and the semiconductor device along approximately 3000 angstrom ( A ) to approximately 6000 Å . 
a cross - sectional line IV - IV shown in FIG . 4D . 5 In this embodiment , a method of forming the isolation 

FIG . 6A is a simulation diagram for a potential distribu - structure 117 is local oxidation of silicon ( LOCOS ) , for 
tion of the semiconductor device of the comparative example . More specifically , a patterned mask 17 is formed 
example shown in FIG . 4A in the off - state . on the pad oxide layer of the third region 16 . A material of 

FIG . 6B is a simulation diagram for a potential distribu - the patterned mask layer 17 is silicon nitride or other suitable 
tion of the semiconductor device of Example 1 shown in 10 materials , for example , and a method of forming the pat 
FIG . 4B in the off - state . terned mask layer 17 is chemical vapor deposition , for 

FIG . 6C is a simulation diagram for a potential distribu example . Then , a wet oxidation process , for example , is 
tion of the semiconductor device of Example 2 shown in performed by using the patterned mask layer 17 as a mask , 
FIG . 4C in the off - state . so as to grow a field oxide layer . A method of forming the 

FIG . 6D is a simulation diagram for a potential distribu - 15 isolation structure 117 is not limited to LOCOS as described 
tion of the semiconductor device of Example 3 shown in in this embodiment , methods such as shallow trench isola 
FIG . 4D in the off - state . tion or chemical vapor deposition with a patterning process 

FIG . 7A is a simulation diagram for current densities in ( e . g . , photolithography and etching processes ) , etc . , may be 
the on - state of the semiconductor device along the cross - used as well . In other embodiments , the substrate 10 may 
sectional line I - I shown in FIG . 4A , the semiconductor 20 further include an epitaxial layer of the first conductive type 
device along the cross - sectional line II - II shown in FIG . 4B , ( not shown ) . Afterwards , as described above , the pad oxide 
the semiconductor device along the cross - sectional line layer is formed on the epitaxial layer , and then an ion 
shown in FIG . 4C and the semiconductor device along the implantation process is performed to form the doped region 
cross - sectional line IV - IV shown in FIG . 4D . 28 of the first conductive type in the epitaxial layer . Then , 

FIG . 7B is a diagram illustrating electric field distribu - 25 the isolation structure 117 is formed on the epitaxial layer . 
tions in the off - state of the semiconductor device of FIG . 64 Subsequently , referring to FIGS . 1B and 1C , the patterned 
along a cross - sectional line A - A , the semiconductor device mask layer 17 is removed by using wet etching , for example . 
of FIG . 6B along a cross - sectional line B - B , the semicon Then , a removing process is performed to remove the 
ductor device of FIG . 6C along a cross - sectional line C - C , isolation structure 117 on the first region 12 , so as to form 
and the semiconductor device of FIG . 6D along a cross - 30 an isolation structure 118 . The isolation structure 118 has a 
sectional line D - D . first opening 20 that exposes a top surface 10a _ 1 of the 

substrate 10 in the first region 12 . A method of removing the 
DESCRIPTION OF THE EMBODIMENTS isolation structure 117 may be a photolithography and an 

etching , for example . More specifically , referring to FIG . 
Reference will now be made in detail to the present 35 1B , a patterned photoresist layer 37 is formed on the 

preferred embodiments of the invention , examples of which isolation structure 117 . Then , the isolation structure 117 is 
are illustrated in the accompanying drawings . Wherever e tched by using the patterned photoresist layer 37 as a mask , 
possible , the same reference numbers are used in the draw - so as to form the isolation structure 118 having the first 
ings and the description to refer to the same or like parts . opening 20 , as shown in FIG . 1C . A method of etching the 

FIGS . 1A to 1H are cross - sectional views illustrating a 40 isolation structure 117 is dry etching , for example . Then , the 
method of fabricating a semiconductor device according to patterned photoresist layer 37 is removed . 
an embodiment of the invention . Subsequently , referring to FIG . 1D , a gate dielectric layer 

The following description is made by taking a first 124 is formed on the top surface 10a _ 1 of the substrate 10 
conductive type as N - type and taking a second conductive in the first region 12 . A material of the gate dielectric layer 
type as P - type . However , the invention is not limited thereto . 45 124 is silicon oxide , silicon nitride , or a high dielectric 
People having ordinary skills in the art shall appreciate that constant material having a dielectric constant greater than 4 , 
the first conductive type may be changed into P - type , while for example . A method of forming the gate dielectric layer 
the second conductive type may be changed into N - type . In 124 is thermal oxidation , for example . Of course , any other 
addition , an N - type dopant is phosphorous or arsenic , for suitable methods may be used . Then , a gate conductive layer 
example , and a P - type dopant is boron , for example . 50 125 is formed on the gate dielectric layer 124 . The gate 

First of all , referring to FIG . 1A , a substrate 10 having conductive layer 125 may be formed of a single material , 
dopants of the second conductive type is provided . The such as a doped polysilicon layer , for example . The gate 
substrate 10 includes a first region 12 , a second region 14 , conductive layer 125 may also be formed of two or more 
and a third region 16 . In addition , the second region 14 is materials , such as a doped polysilicon layer 126 and a metal 
located between the first region 12 and the third region 16 . 55 silicide layer 136 . A method of forming the doped polysili 
The substrate 10 may be formed of at least one semicon - con layer 126 is chemical vapor deposition , for example . 
ductor material selected from a group consisting of Si , Ge , The metal silicide layer 136 includes a metal silicide with a 
SiGe , Gap , GaAs , SiC , SiGeC , InAs , and InP . In addition , refractory metal , such as a silicide of one of nickel , cobalt , 
the substrate 10 may be a silicon - on - insulator ( SOI ) sub - titanium , copper , molybdenum , tantalum , tungsten , erbium , 
strate . Then , a pad oxide layer ( not shown ) is formed on the 60 zirconium , platinum and an alloy thereof , for example . A 
substrate 10 . A material of the pad oxide layer is silicon method of forming the metal silicide layer 136 is physical 
oxide , for example , or other suitable materials . A method of vapor deposition , for example , such as evaporation or sput 
forming the pad oxide layer is thermal oxidation , for t ering . Then , a photoresist layer is formed on the substrate , 
example . Then , an ion implantation process is performed to and then a photolithography process is performed to form a 
the substrate 10 to form a doped region 28 of the first 65 patterned photoresist layer 38 . The gate conductive layer 
conductive type . Subsequently , an isolation structure 117 is 125 on the first region 12 is exposed by the patterned 
formed on the substrate 10 . The isolation structure 117 is at photoresist layer 38 . 
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Then , referring to FIGS . 1D and 1E , an etching process is conductor ( LDMOS ) , for example , includes the substrate 10 , 
performed by using the patterned photoresist layer 38 as an the isolation structure 118 , the gate structure 122 , the doped 
etching mask , so as to pattern the gate conductive layer 125 region 28 of the first conductive type , the doped region 30 
and the gate dielectric layer 124 , thereby forming an opening of the second conductive type , the doped region 32 of the 
120 . A part of the top surface 10a _ 1 of the substrate 10 in 5 first conductive type , and the doped region 34 of the first 
the first region 12 is exposed by the opening 120 . Subse conductive type . The substrate 10 includes the first region quently , an ion implantation process is performed by using 12 , the second region 14 , and the third region 16 . In addition , the patterned photoresist layer 38 as an implantation mask , on mask , the second region 14 is located between the first region 12 so as to implant dopants of the second conductive type into and the third region 16 . A height of the top surface 10a _ 3 of the substrate 10 , thereby forming a doped region 30 of the 10 the substrate 10 in the third region 16 is higher than a height second conductive type in the substrate 10 of the first region of the top surface 10a _ 1 of the substrate 10 in the first region 12 . 12 . The isolation structure 118 has a tilted top surface 118a Then , referring to FIG . 1F , the patterned photoresist layer 

and is located on the second region 14 of the substrate 10 . 38 is removed . Afterwards , an annealing process is per 
formed to activate the dopants in the doped region 30 . 16 In addition , at least a part of a bottom surface 118b of the 15 

Then , referring to FIG . 16 , a photoresist layer is formed isolation structure 118 and the top surface 10a _ 1 of the 
on the substrate 10 . A photolithography process is then substrate 10 in the first region 12 are substantially coplanar . 
performed to form a patterned photoresist layer 40 . The In addition , the isolation structure 118 extends continuously 
patterned photoresist layer 40 covers the gate conductive from one end of the second region 14 close to the first region 
layer 125 located at the first region 12 , a part of the doped 20 12 to another end of the second region 14 close to the third 
region 30 in the substrate 10 , and a part of the gate region 16 . A sidewall of at least one side of the isolation 
conductive layer 125 on the second region 14 , while exposes structure 118 may be substantially perpendicular to the top 
a part of the gate conductive layer 125 of the second region surface 10a _ 1 of the substrate 10 . Alternatively , an angle 
14 and the gate conductive layer 125 of the third region 16 . between the sidewall of the at least one side of the isolation 

Then , referring to FIGS . 16 and 1H , the gate conductive 25 structure 118 and the top surface 10a _ 1 of the substrate 10 
layer 125 and the gate dielectric layer 124 are patterned may be modified and fabricated to be an obtuse angle , for 
again by using the patterned photoresist layer 40 as a mask , example , by controlling with an etching process , for 
so as to form a gate structure 122 . The gate structure 122 example , based on practical needs . In an embodiment of the 
covers a part of the doped region 30 in the first region 12 , invention , an angle between a sidewall 118c of one side of 
extends to cover a part of the isolation structure 118 on the 30 the isolation structure 118 close to the first region 12 and the 
second region 14 , and exposes a top surface 10a _ 3 of the top surface 10a _ 1 of the substrate 10 is approximately a 
substrate 10 of the third region 16 , a part of the isolation right angle or an obtuse angle . The gate structure 122 covers 
structure 118 of the second region 14 , and a part of the doped a part of the substrate 10 in the first region 12 and a part of 
region 30 of the first region 12 . Subsequently , a patterned the isolation structure 118 in the second region 14 . The 
photoresist layer ( not shown ) is formed on the substrate 10 , 35 doped region 28 is located in the substrate 10 in the first 
and then an ion implantation process is performed to form a region 12 , the second region 14 , and the third region 16 . The 
doped region 32 of the first conductive type and a doped doped region 30 is located in the doped region 28 in the first 
region 34 of the first conductive type . In this embodiment , region 12 . The doped region 32 is located in the doped 
dopant concentrations of the doped regions 32 and 34 are region 30 and adjacent to one side of the gate structure 122 . 
higher than a dopant concentration of the doped region 28 . 40 The doped region 34 is located in the doped region 28 in the 
In addition , a dopant concentration of the doped region 30 third region 16 and adjacent to one side of the isolation 
is higher than a dopant concentration of the second conduc structure 118 . 
tive type of the substrate 10 . The doped region 32 is located FIGS . 2A to 2H are cross - sectional views illustrating a 
in the doped region 30 in the first region 12 and adjacent to method of fabricating a semiconductor device according to 
one side of the gate structure 122 . In an embodiment of the 45 another embodiment of the invention . 
invention , the doped region 32 may be a source region . In Referring to FIG . 2A , first of all , an isolation structure 217 
another embodiment of the invention , the doped region 32 is formed on the substrate 10 , and covers the first region 12 , 
may be two doped regions ( not shown ) of the first conduc - the second region 14 , and the third region 16 of the substrate 
tive type having a higher dopant concentration as source 10 . A material of the isolation structure 217 is silicon oxide , 
regions . The two source regions may have a doped region 50 for example . A thickness of the isolation structure 217 is 
( not shown ) of the second conductive type therebetween as from approximately 3000 Å to approximately 6000 Å , for 
a bulk ( e . g . , N + / P + / N + ) . In yet another embodiment , a part example . A method of forming the isolation structure 217 is 
of the doped region 32 may be a lightly doped region ( LDD ) , chemical vapor deposition , for example . In another embodi 
and the lightly doped region may be adjacent to the gate ment of the invention , the method of forming the isolation 
structure 122 . 55 structure 217 may be shallow trench isolation . 

The doped region 34 is located in the doped region 28 in Then , referring to FIGS . 2B and 2C , the isolation structure 
the third region 16 and adjacent to one side of the isolation 217 in the first region 12 and the third region 16 is removed 
structure 118 . In an embodiment of the invention , the doped by performing a removing process . More specifically , refer 
region 34 may be disposed as another drain region . In ring to FIG . 2B , a photoresist layer ( not shown ) is formed on 
another embodiment of the invention , the doped region 34 60 the isolation structure 217 . Then , a photolithography process 
may be served as a drift region ( e . g . , an N - type drift region ) . is performed to form the patterned photoresist layer 37 . 
In addition , the doped region 34 may have another doped Thereafter , referring to FIG . 2C , the isolation structure 217 
region ( not shown ) therein to be served as another drain is etched by using the patterned photoresist layer 37 as an 
region , and the another doped region is of the first conduc - etching mask , so as to form an isolation structure 218 having 
tive type and has a higher dopant concentration . 65 the first opening 20 and a second opening 21 . The first 

Referring to FIG . 1H , the semiconductor device of this opening 20 and the second opening 21 respectively expose 
embodiment , such as a laterally diffused metal oxide semi - the top surface 10a _ 1 of the substrate 10 in the first region 
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12 and the top surface 10a _ 3 of the substrate 10 in the third Then , referring to FIGS . 3B and 3C , a removing process 
region 16 . Then , the patterned photoresist layer 37 is is performed to remove the isolation structure 317 in the first 
removed . region 12 and the third region 16 ; thereby a rendered 

Then , referring to FIGS . 2D to 2H , subsequent processes isolation structure 318 having a step - like top surface 318a is 
are the same as the processes of the embodiment above 5 formed . More specifically , referring to FIG . 3B , a photore 
corresponding to FIGS . 1D to 1H . Therefore , the details will sist layer ( not shown ) is formed on the isolation structure 
not be reiterated below . 317 . Then , a patterned photoresist layer 37 is formed by 

Referring to FIG . 2H , the semiconductor device of this performing exposure and development processes to the 
embodiment , such as a laterally diffused metal oxide semi photoresist layer using a photomask 41 . 

conductor , for example , includes the substrate 10 , the iso 10 Thereafter , referring to FIG . 3C , the isolation structure 
317 is etched by using the patterned photoresist layer 37 as lation structure 218 , the gate structure 222 , the doped region an etching mask , so as to form an isolation 318 having the 28 of the first conductive type , the doped region 30 of the first opening 20 and the second opening 21 . The isolation second conductive type , the doped region 32 of the first structure 318 covers the top surface 10a _ 2 of the substrate conductive type , and the doped region 34 of the first the nurst 15 10 in the second region 14 . More specifically , a surface of conductive type . The substrate 10 includes the first region the isolation structure 318 is a step - like top surface 318a . 

12 , the second region 14 , and the third region 16 . The second The first opening 20 and the second opening 21 respectively 
region 14 is located between the first region 12 and the third expose the top surface 10a _ 1 and the top surface 10a _ 3 of 
region 16 . The top surface 10a _ 1 of the substrate 10 in the the substrate 10 . Then , the patterned photoresist layer 37 is 
first region 12 , a top surface 10a _ 2 of the substrate 10 in the 20 removed . In this embodiment , the photomask 41 may be a 
second region 14 , and the top surface 10a _ 3 of the substrate progressive photomask , and the patterned photoresist layer 
10 in the third region 16 are substantially conplanar . The 37 may be formed by performing one exposure process and 
isolation structure 218 has a flat top surface 218a located on one development process . However , the invention is not 
the substrate 10 in the second region 14 . In addition , a limited thereto . In another embodiment , the same configu 
bottom surface of 218b of the isolation structure 218 and the 25 ration may be fabricated by performing a plurality of expo 
top surface 10a _ 2 of the substrate 10 in the second region 14 sure process and a plurality of development process using a 
are also substantially conplanar . Namely , the bottom surface plurality of photomasks . 
218b of the isolation structure 218 and the top surface 10a Then , referring to FIGS . 3D to 3H , subsequent processes 
of the substrate 10 are substantially conplanar . In addition , are the same as the processes of the embodiment above 
the isolation structure 218 continuously extends from one 30 corresponding to FIGS . 1D to 1H . Therefore , the details will 
end of the second region 14 close to the first region 12 to not be reiterated below . 
another end of the second region 14 close to the third region Referring to FIG . 3H , the semiconductor device of this 
16 . In an embodiment , an angle ß between a sidewall 218C embodiment , such as a laterally diffused metal oxide semi 
of one side of the isolation structure 218 close to the first conductor , for example , includes the substrate 10 , the iso 
region 12 and the top surface 10a of the substrate 10 may be 35 lation structure 318 , the gate structure 322 , the doped region 
a right angle or may be modified and fabricated to be an 28 of the first conductive type , the doped region 30 of the 
obtuse angle , for example , by controlling with an etching second conductive type , the doped region 32 of the first 
process , for example , based on practical needs . In addition , conductive type , and the doped region 34 of the first 
an angle y between a sidewall 218d of one side of the conductive type . The substrate 10 includes the first region 
isolation structure 218 close to the third region 16 and the 40 12 , the second region 14 , and the third region 16 . The second 
top surface 10a of the substrate 10 may be a right angle or region 14 is located between the first region 12 and the third 
may be modified and fabricated to be an obtuse angle , for region 16 . The top surface 10a _ 1 of the substrate 10 in the 
example , by controlling with an etching process , for first region 12 , the top surface 10a _ 2 of the substrate 10 in 
example , based on practical needs . The gate structure 222 the second region 14 , and the top surface 10a _ 3 of the 
covers a part of the substrate 10 in the first region 12 and a 45 substrate 10 in the third region 16 are substantially coplanar . 
part of the isolation structure 218 in the second region 14 . The isolation structure 318 is located on the substrate 10 in 
The doped region 28 is located in the substrate 10 in the first the second region 14 and has the step - like top surface 318a . 
region 12 , the second region 14 , and the third region 16 . The In addition , a bottom surface of 318b of the isolation 
doped region 30 is located in the doped region 28 in the first structure 318 and the top surface 10a _ 2 of the substrate 10 
region 12 . The doped region 32 is located in the doped 50 in the second region 14 are substantially coplanar . Namely , 
region 30 and adjacent to one side of the gate structure 222 . the bottom surface 318b of the isolation structure 318 and 
The doped region 34 is located in the doped region 28 of the the top surface 10a of the substrate 10 are substantially 
third region 16 and adjacent to one side of the isolation coplanar . In addition , the isolation structure 318 continu 
structure 218 . ously extends from one end of the second region 14 close to 

FIGS . 3A to 3H are cross - sectional views illustrating a 55 the first region 12 to another end of the second region 14 
method of fabricating a semiconductor device according to close to the third region 16 . In an embodiment , an angle o 
still another embodiment of the invention . between a sidewall 318c of one side of the isolation structure 

First of all , referring to FIG . 3A , an isolation structure 317 318 close to the first region 12 and the top surface 10a of the 
is formed on the substrate 10 . The isolation structure 317 substrate 10 may be a right angle or may be modified and 
covers the substrate 10 in the first region 12 , the second 60 fabricated to be an obtuse angle , for example , by controlling 
region 14 , and the third region 16 . A material of the isolation with an etching process , for example , based on practical 
structure 317 is silicon oxide , for example . A method of needs . In addition , an angle d between a sidewall 318d of 
forming the isolation structure 317 is chemical vapor depo - one side of the isolation structure 318 close to the third 
sition , for example . A thickness of the isolation structure 317 region 16 and the top surface 10a of the substrate 10 may be 
is from approximately 3000 Å to approximately 6000 Å . In 65 a right angle or may be modified and fabricated to be an 
another embodiment of the invention , the method of forming obtuse angle , for example , by controlling with an etching 
the isolation structure 317 may be shallow trench isolation . process , for example , based on practical needs . The gate 
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structure 322 also has a step - like surface and covers a part device of FIG . 4A . Referring to FIGS . 4A to 4D and FIG . 5 
of the substrate 10 in the first region 12 and a part of the at the same time , regarding the on - state breakdown voltages , 
isolation structure 318 in the second region 14 . The doped the semiconductor devices of FIGS . 4B to 4D are substan 
region 28 is located in the substrate 10 in the first region 12 , tially similar to the semiconductor of FIG . 4A . However , 
the second region 14 , and the third region 16 . The doped 5 values of the on - state resistances in the three embodiments 
region 30 is located in the doped region 28 in the first region of Examples 1 - 3 ( FIGS . 4B to 4D ) are significantly lower 
12 . The doped region 32 is located in the doped region 30 than a value of the on - state resistance of the semiconductor 
and adjacent to one side of the gate structure 322 . The doped device of the comparative example ( FIG . 4A ) . More spe 
region 34 is located in the doped region 28 in the third region cifically , the values of the on - state resistances of the semi 
16 and adjacent to one side of the isolation structure 318 . 10 conductor devices of Examples 1 , 2 , and 3 ( FIGS . 4B , 4C , 

In the fabricating process of the semiconductor device and 4D ) are respectively lower than the value of the on - state 
according to the embodiments of the invention , at least a part resistance of the semiconductor device of the comparative 
of the bottom surfaces 118b , 218b , and 318b of the isolation example ( FIG . 4A ) by approximately 22 % , 25 % , and 27 % , 
structures 118 , 218 , and 318 and the top surface 10a of the respectively . In addition , compared with a value of the 
substrate 10 are substantially coplanar , respectively . There - 15 off - state breakdown voltage of the semiconductor device of 
fore , a length of a current path from the doped region 32 to the comparative example ( FIG . 4A ) , values of the off - state 
the doped region 34 , which is equivalent to a distance from breakdown voltages of the semiconductor devices of 
the source region to the drain region or from the drain region Examples 1 , 2 , and 3 ( FIGS . 4B , 4C , and 4D ) are higher by 
to the source region , may be reduced , so as to improve the approximately 21 % , 10 % , and 60 % , respectively . The 
on - state resistance . Below , the effects of the embodiments of 20 embodiments of the invention are not only suitable for an 
the invention are tested with simulated examples . N - type LDMOS device but also suitable for a P - type 

FIG . 4A is a partial cross - sectional enlarged view of a LDMOS device . 
semiconductor device of a comparative example . FIG . 4B is FIGS . 6A , 6B , 6C , and 6D are simulation diagrams for 
a partial cross - sectional enlarged view of a semiconductor potential distributions of the semiconductor devices of 
device of Example 1 . FIG . 4C is a partial cross - sectional 25 FIGS . 4A , 4B , 4C , and 4D in the off - state , respectively . 
enlarged view of a semiconductor device of Example 2 . FIG . Referring to FIGS . 4A to 4D and FIGS . 6A to 6D at the 
4D is a partial cross - sectional enlarged view of a semicon - same time , distances from lines A - A , B - B , C - C , and D - D to 
ductor device of Example 3 . the surface of the substrate are the same . Compared with a 

Referring to FIGS . 4A to 4D , in the semiconductor depletion region 60 of the semiconductor device of the 
devices shown in FIGS . 4A to 4D , the gate structures 22 , 30 comparative example ( FIG . 4A ) , depletion regions 62 , 64 , 
122 , 222 , and 322 and the isolation structures 48 , 118 , 218 , and 66 of the semiconductor devices of Examples 1 , 2 and 
and 318 are formed . An arrow sign 46 indicates a direction 3 ( FIGS . 4B , 4C , and 4D , respectively ) have wider breadths , 
of an electron flow of a device in the on - state . In addition , and breadths that are added are W1 , W2 , and W3 , respec 
the direction of the electron flow is opposite to a current tively . Referring to FIG . 6D , the depletion region 66 corre 
direction . The bottom surface 48h of the isolation structure 35 sponding to semiconductor device having the step - like iso 
48 of the semiconductor device in the comparative example lation structure corresponding to Example 3 ( FIG . 4D ) has 
( FIG . 4A ) is in an arc shape and is not substantially coplanar the widest width . In other words , the off - state breakdown 
with the top surface 10a of the substrate 10 . In Example 1 voltage of the semiconductor device of Example 3 is the 
( FIG . 4B ) , a part of the bottom surface 118b of the isolation highest . 
structure 118 and the top surface 10a of the substrate 10 are 40 FIG . 7A is a simulation diagram for current densities in 
substantially coplanar . In Example 2 ( FIG . 4C ) , the bottom the on - state of the semiconductor device of the comparative 
surface 218b of the isolation structure 218 and the top example along the cross - sectional line I - I shown in FIG . 4A , 
surface 10a of the substrate 10 are substantially coplanar . In the semiconductor device of Example 1 along the cross 
Example 3 ( FIG . 4D ) , the bottom surface 318b of the sectional line II - II shown in FIG . 4B , the semiconductor 
isolation structure 318 and the top surface 10a of the 45 device of Example 2 along the cross - sectional line shown in 
substrate 10 are substantially coplanar . Based on a direction FIG . 4C and the semiconductor device of Example 3 along 
of charges represented by the arrow sign 46 , lengths of the cross - sectional line IV - IV shown in FIG . 4D . 
current paths of the semiconductor devices in Examples 1 - 3 Referring to FIGS . 4A to 4D and FIG . 7A at the same 
( FIGS . 4B to 4D ) are shorter as compared with a length of time , a vertical axis represents a current density , while a 
a current path in the semiconductor device of the compara - 50 horizontal axis , from left to right , respectively represent 
tive example ( FIG . 4A ) , since at least a part of the bottom distances from the top surfaces 48a , 118a , 218a , and 318a 
surfaces 118b , 218b , and 318b of the isolation structures to a bottom surface ( not shown ) of the substrate in the 
118 , 218 , and 318 in the semiconductor devices of Examples embodiments . Total current densities of the semiconductor 
1 to 3 ( FIGS . 4B to 4D ) and the top surface 10a of the devices of Examples 1 - 3 ( FIGS . 4B to 4D ) are respectively 
substrate 10 are substantially coplanar , respectively . 55 greater than a total current density of the semiconductor 

FIG . 5 is a simulation diagram for on - state resistances device of the comparative example ( FIG . 4A ) . Since at least 
Ron , on - state breakdown voltages on - BVD , and off - state a part of the bottom surfaces 118b , 218b , and 318b of the 
breakdown voltages BVDSS of the semiconductor device isolation structures 118 , 218 , and 318 and the top surface 
along a cross - sectional line I - I shown in FIG . 4A ( compara - 10a of the substrate 10 are substantially coplanar , respec 
tive example ) , the semiconductor device along a cross - 60 tively , the total current densities of the semiconductor 
sectional line II shown in FIG . 4B ( Example 1 ) , the semi - devices of Examples 1 - 3 ( FIGS . 4B to 4D ) are respectively 
conductor device along a cross - sectional line shown in FIG . higher than the total current density of the semiconductor 
4C ( Example 2 ) , and the semiconductor device along a device of the comparative example by at least 32 . 5 % . 
cross - sectional line IV - IV shown in FIG . 4D ( Example 3 ) . FIG . 7B is a diagram illustrating electric field distribu 

Values of the on - state resistances , on - state breakdown 65 tions in the off - state of the semiconductor device of FIG . 6A 
voltages , and off - state breakdown voltages of FIG . 5 are along a cross - sectional line A - A , the semiconductor device 
normalized based on simulated data of the semiconductor of FIG . 6B along a cross - sectional line B - B , the semicon 
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ductor device of FIG . 6C along a cross - sectional line C - C , a second doped region of the first conductive type , located 
and the semiconductor device of FIG . 6D along a cross in the substrate in the third region , and exposed by a 
sectional line D - D . second side of the isolation structure , 

Referring to FIG . 7B , maximums of the electric field ( i . e . , wherein a level of the top surface of the isolation structure 
the electric field value measured when a semiconductor 5 gradually decreases from the first side of the isolation 
device breaks down ) of the semiconductor devices of structure toward the second side of the isolation struc Examples 1 - 3 ( FIGS . 6B to 6D ) are respectively higher than ture , a level of the bottom surface of the isolation a maximum of the electric field of the semiconductor device structure gradually increases from the first side of the of the comparative example ( FIG . 6A ) . Compared to the isolation structure toward the second side of the isola maximum of the electric field of the semiconductor device 10 tion structure , and the top surface of the isolation of the comparative example ( FIG . 6A ) , which is approxi structure and the bottom surface of the isolation struc mately 0 . 3 MVcm - ? , the maximums of the electric field of 
the semiconductor devices of Examples 1 - 3 ( FIG . 6B to 6D ) ture are connected at the second side of the isolation 
are increased to approximately 0 . 8 MVcm - , respectively . In structure . 
addition , compared to the comparative example , the semi - 15 2 . The semiconductor device as claimed in claim 1 , 
conductor devices of Example 1 and Example 2 , Example 3 wherein the bottom surface of the isolation structure and the 
( FIG . 6D ) , which has the step - like isolation structure , have top surface of the substrate in the first region are substan 
a larger depletion region at a side close to the drain region , tially coplanar . 
so the side close to the drain region has a higher maximums 3 . The semiconductor device as claimed in claim 2 , 
of the electric field . 20 wherein a height of the top surface of the substrate in the 

In view of the foregoing , since at least a part of the bottom third region is greater than a height of the top surface of the 
surface of the isolation structure and the top surface of the substrate in the first region . 
substrate are substantially coplanar according to the embodi 4 . The semiconductor device as claimed in claim 2 , 
ments of the invention , the length of the current path from wherein the isolation structure has a flat top surface or a 
the source region to the drain region is reduced . In addition , 25 tilted top surface . 
since the semiconductor device according to the embodi - 5 . The semiconductor device as claimed in claim 1 , 
ments of the invention has a larger depletion region , the further comprising a third doped region of a second con 
semiconductor device according to the embodiments of the ductive type , wherein the third doped region is located in the 
invention has an improved on - state resistance , increased substrate in the first region , and the first doped region is 
breakdown voltage , and improved device performance . 30 located in the third doped region . 
Moreover , the embodiment having a step - like isolation 6 . The semiconductor device as claimed in claim 5 , 
structure of the invention has an even more preferable further comprising a fourth doped region of the first con 
on - state total current and the maximum of the electric field ductive type , wherein the fourth doped region is located in 
in the off - state . In addition , the device performance may be the substrate in the first region , the second region , and the 
improved by additionally performing a process using a 35 third region , and the third doped region and the second 
progressive photomask . doped region are located in the fourth doped region . 

It will be apparent to those skilled in the art that various 7 . The semiconductor device as claimed in claim 1 , 
modifications and variations can be made to the structure of wherein an angle between the sidewall of the first side of the 
the present invention without departing from the scope or isolation structure and the top surface of the substrate is a 
spirit of the invention . In view of the foregoing , it is intended 40 right angle or an obtuse angle . 
that the present invention cover modifications and variations 8 . The semiconductor device as claimed in claim 1 , 
of this invention provided they fall within the scope of the wherein the isolation structure is only covered by one gate 
following claims and their equivalents . structure . 
What is claimed is : 9 . A semiconductor device , comprising : 
1 . A semiconductor device , comprising : 45 a substrate , comprising a first region , a second region , and 
a substrate , comprising a first region , a second region , and a third region , wherein the second region is located 

a third region , wherein the second region is located between the first region and the third region ; 
between the first region and the third region ; an isolation structure , located on the substrate in the 

an isolation structure , located in the second region of the second region , the isolation structure comprising a top 
substrate , the isolation structure comprising a top sur - 50 surface , a bottom surface , and a sidewall , the sidewall 
face , a bottom surface , and a sidewall , the sidewall of of the isolation structure being substantially perpen 
the isolation structure being substantially perpendicular dicular to a top surface of the substrate and connecting 
to a top surface of the substrate and connecting the top the top surface and the bottom surface at a second side 
surface and the bottom surface at a first side of the of the isolation structure , and the top surface of the 
isolation structure , wherein at least a part of the bottom 55 isolation structure being a step - like top surface , 
surface of the isolation structure and the top surface of wherein at least a part of the bottom surface of the 
the substrate are substantially coplanar , and the isola isolation structure and the top surface of the substrate 
tion structure continuously extends from one end of the are substantially coplanar , and the isolation structure 
second region to another end of the second region ; continuously extends from one end of the second 

a gate structure , disposed at the first side of the isolation 60 region to another end of the second region ; 
structure and extending from a part of the substrate in a gate structure , disposed at a first side of the isolation 
the first region to cover the sidewall of the isolation structure and extending from a part of the substrate in 
structure and a part of the isolation structure in the the first region to cover the step - like top surface of the 
second region ; isolation structure ; 

a first doped region of a first conductive type , located in 65 a first doped region of a first conductive type , located in 
the substrate in the first region , and adjacent to one side the substrate in the first region , and adjacent to one side 
of the gate structure ; and of the gate structure ; and 
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a second doped region of the first conductive type , located 
in the substrate in the third region , and exposed by the 
second side of the isolation structure , 

wherein a level of the step - like top surface of the isolation 
structure gradually decreases from the second side of 5 
the isolation structure toward the first side of the 
isolation structure . 

10 . The semiconductor device as claimed in claim 9 , 
wherein the top surface of the substrate between the first 
doped region and the second doped region is substantially 10 
coplanar . 

* * * * * 


